Abstract: Several types of binary systems have been detected up to now at high and very high gamma-ray energies, including microquasars, young pulsars around massive stars and colliding wind binaries. The study of the sources already known, and of the new types of sources expected to be discovered with the unprecedented sensitivity of CTA, will allow us to qualitatively improve our knowledge on particle acceleration, emission and radiation reprocessing, and on the dynamics of flows and their magnetic fields. Here we present some examples of the capabilities of CTA to probe the flux and spectral changes that typically occur in these astrophysical sources, as well as to search for delays in correlated X-ray/TeV variability with CTA and satellites of the CTA era. Our results show that our knowledge of the high-energy physics in binary systems will significantly deepen with CTA.
Introduction
The detection of Very High Energy (VHE) gamma rays (E > 100 GeV) by the current Imaging Atmospheric Cherenkov Telescopes (IACT) from the binary systems P-SR B1259−63 [4, 7] , LS 5039 [5] , LS I +61 303 [8, 2] and HESS J0632+0757 [6] , and the evidence of detection of a VHE flare in the black hole binary Cygnus X-1 [9] , provides a clear evidence of very efficient particle acceleration in binary systems containing compact objects (see e.g. [20] ). In addition, the source 1FGL J1018.6−5856 has been proposed to be a new gamma-ray binary [18] that could be associated with a H.E.S.S. source [16] . Furthermore, there are other binary systems from which VHE emission is expected from a theoretical point of view [15] .
Studying known and new compact binary systems at VHE is of great importance because their complexity allows us to probe physical processes that are still poorly understood. For instance, some of these systems are extremely efficient accelerating particles and their study could shed new light on, and eventually force a revision of, particle acceleration theory (see e.g. [19] ). CTA will allow us to go beyond the current IACT's and offer a unique opportunity to perform a deeper analysis of the processes taking place in binary systems. Below, we report on examples of numerical simulations performed to show how the forth-coming CTA observatory [3] could fulfill the new scientific challenges. A more detailed study of the capability of C-TA to probe the spectral, temporal and spatial behavior of gamma-ray binaries can be found in [21] . Another work including some studies about these binaries is [12] 2 Testing the CTA capabilities Several of the studies herein presented are meant as examples of the capability of CTA in comparison with current IACTs; thus we take here several of the already detected gamma-ray binaries, for which a well known set of assumptions can be established. We have used Monte Carlo simulations of the sensitivity of the array for several possible configurations in order to explore the capability of C-TA to study binary systems. In particular, we have conducted simulations using configurations 1 B, D, E, I, NA and NB, and subarrays s4-2-120, and s9-2-120, where the first number indicates the number of telescopes, the second indicates the type (1 for Small Size Telescope, 2 for Medium and 3 for Large), and the last number indicates the separation in meters. Details about the configuration and subarray characteristics can be found in [13] .
CTA flux error reduction in known TeV sources
We studied the modulation of the photon index and the flux normalization with the orbital period for a source like L-S 5039. The direct comparison of the errors of the H.E.S.S. and CTA measurements shows that observations with CTA can reduce the errors on the spectral parameters by a factor between 2 and 4.5, and that CTA could easily distinguish between spectra at different orbital phase bins.
Short timescale flux variability
We have studied the capabilities of CTA to detect short timescale flux and spectral variability from binaries that produce gamma rays. The perfect candidate for such studies is LS I +61 303. A simultaneous multi-wavelength campaign on this source resulted in the discovery of correlated X-ray/VHE emission with the MAGIC IACT and the X-ray satellites XMM-Newton and Swift in the energy range 0.3-10 keV [11] . Under the assumption that the Xray/VHE emission correlation found by [11] holds at shorter timescales, we took the X-ray light curve (LC) from a ∼100 ks long Chandra observation [22] and computed the expected VHE emission from the source. Two feasible observation scenarios have been considered. In the first one, the full CTA I array is used to carry out a deep, short observation of LS I +61 303. In this case, the VHE counterpart of fast X-ray variability down to 1000 s is clearly detected by CTA simulations, and also the X-ray/VHE correlation is recovered, with r ≥ 0.9, for flux variations of a factor 1.5. In the second observation scenario, a ten nights campaign with three hours of observation per night is simulated using the continuous 100 ks Xray LC. This campaign would be done with the subarray s9-2-120, which is a subarray configuration similar to an expanded H.E.S.S. The longer observation time allows the campaign to probe a wider range of X-ray fluxes than the variation of a factor 1.5 used for the shorter, full CTA array observation discussed above.
To further explore the shortest time scales in which C-TA can resolve a flare, we simulated a 20 hrs event whose flux variation follows a Gaussian distribution and assuming the best-fit spectral shape reported by MAGIC for the Cygnus X-1 signal [9] . We find that the full CTA I array could clearly resolve a gaussian-shaped flare with a binning of 5 minutes for each data point. A 5 minute integration would result in a detection with a significance of 7 σ at the assumed low state, and 25 σ in high state, whereas with the sensitivity of MAGIC it is only possible to detect the peak of this flare. This clearly shows the advantadge in sensitivity that CTA will bring at very high energies with respect to the current IACTs.
As a conclusion from this simulation exercise, we see that the full CTA array will be a powerful tool to probe the fast flux variability of gamma-ray binaries, which could allow the characterization of the dynamical processes taking place in the emitting plasma. In addition, we have shown that subarray operations are very useful since they are able to provide us with novel results using only a fraction of the full array.
Sensitivity to spectral shape variations
To explore the power of CTA to distinguish between different spectral indices, we have considered a variation of the power-law VHE spectrum of LS I +61 303 within the statistical error obtained in the MAGIC campaign on September 2007 (see [11] ) and tested the time required by CTA to significantly detect it. We took the two extreme values of the measured spectral index (2.4 and 3.0) and obtained the simulated CTA spectra. The result is that observing each of the spectral states for 3 h (i.e., one night per state) with the full CTA E array provides a set of spectra from which the photon index variations can be clearly seen. We note that an increase in observation time to 5 h per spectrum leads to a detection rate above 95% for all the spectrum pairs (see Figure 1 ). We also considered the possibility of longer observations with the subarray s9-2-120. In this case, for an observation of 10 h for each of the spectral states, the spectral variation between the soft and the mean spectra is still significant at a level higher than 3σ for 82% of the simulation realizations.
It is clear that CTA will be a powerful tool for the detection of spectral variations in gamma-ray binaries. The statistical errors we have obtained for these simulations are nearly an order of magnitude lower than the ones obtained with MAGIC in 2007, thus demonstrating the capability of CTA to deliver new and exciting science in the following years.
Exploring the minimum detectable time delay between X-ray and TeV emission in gamma-ray binaries
If there were a time delay between the non-thermal emission at different bands (e.g., X-ray and TeV) larger than the electron cooling time scale, the emission from these bands would most likely have an origin in different locations in the binary. The detection of such a delay has not been possible for the current generation of IACTs, so here we present a study of the capability of CTA to achieve this goal. Since CTA will operate together with a new generation of X-ray telescopes, such as the Japanese X-ray tele- 1 . Arrays E and I are balanced layouts, in terms of the distribution of resources across the full CTA energy range. Array B is more focussed at low energies and D at high energies. NB is a higher energy focussed alternative to NA. scope Astro-H, we have done this study considering the capabilities of this new instrument. Based on the short X-ray flares from LS I +61 303 detected in [22] , we have simulated the LC detected by Astro-H. Using the correlation between X-rays and VHE gamma rays found in [11] and the tools for simulating the CTA response, we generate the corresponding VHE LC of the flare as seen by CTA I array above 65 GeV. We have used a time binning of 600 seconds for both the CTA and the Astro-H LC, and studied positive delays of the TeV LC with respect to the X-ray LC in the range 0 to 2000 s in steps of 100 s.
To clearly detect such delayed correlations, we have used the z-transformed Discrete Correlation Function (ZD-CF), which determines 68% confidence level intervals for the correlation coefficient for running values of the delay (see, e.g., [17, 10] ). Since the VHE LC is generated from the X-ray one, their errors are correlated and the scattering of one original (X-ray) LC affects the derived one (VHE). To correct this problem simulations have been performed: we started with 100 Astro-H LC. With each of this 100 L-C we produced 10 other X-ray LC by adding a Gaussian noise to the original ones, for each simulated delay. Then we simulated the corresponding VHE LC. In this way we obtained, for each delay, a sample of 1000 pairs of LC. For each pair of LC we have calculated the ZDCF. To evaluate how significant is the measurement of a delay using the ZDCF we have fitted Gaussian functions to the maxima of the ZDCF. At the end we have 1000 values of the peak for each simulated delay distributed around the real delay (see Figure 2 ). The measured delay is then calculated as the mean value of the distribution and its uncertainty is the standard deviation. Considering all possible uncertainties, delays of ∼1000 s can be significantly detected at a 3σ confidence level in simultaneous LC obtained with Astro-H and CTA. These results are, to first order, independent of the duration of the short flares, as far as they last longer than the binning. Overall, these results indicate that CTA will allow us to localize and constrain the X-ray and TeV emitting regions of gamma-ray binaries and their properties.
Exploring the collision of microquasar jets with the interstellar medium
To simulate the CTA response to the observation of MQ jet/ISM interactions, we have used the theoretical predictions for a source with a jet power of 10 38 erg s −1 and an age of 10 5 yr embedded in a medium with particle density of 1 cm −3 [14] . Gamma-ray spectra with Γ ph ∼ 2.45 and Γ ph ∼ 2.85 are derived from current theoretical models for the leptonic and hadronic contribution, respectively [14, 24] . We studied the CTA performance in 50 h of observation time using the simulation tools for the B and E array configurations. The simulated flux is ∼ 1% of that of the Crab Nebula, although the steepening of the spectrum at high energies would make it difficult to detect the sources above a few TeV. Regarding the extension of the emission as seen in gamma rays, accelerated particles emitting at VHE do not have time to propagate to large distances since radiative cooling is very effective, and the emission will be mostly confined to the accelerator region. The emitter size may not largely exceed the width of the jet, ∼ 1 pc, in the reverse shock region. In the case of the bow shock, although it may extend sideways for much larger distances, only the region around its apex (∼ few pc) will effectively accelerate particles up to the highest energies. The total angular size of the emission from a source located 3 kpc away may then be ≤ few arcmin, and CTA would image a point-like source with only a marginal extension roughly perpendicular to the jet direction. 
Exploring the colliding winds of massive star binary systems
We studied colliding wind binaries like Eta Carinae by means of simulations of the response of CTA. We based our simulations on the measurements of the energy spectrum of Eta Carinae by the Fermi/LAT [23] and the upper limits derived by the H.E.S.S. Collaboration [1] . The spectrum between 0.1 and 100 GeV is best fit by a power law with an exponential cutoff plus an additional power law at high energies. For our simulations we assume exponential cutoffs at E = 100, 150, 200 GeV and test how well CTA could detect those. We produced simulations at increasing observation times in order to study the minimal time required to detect the source and to get a meaningful spectra with such CTA observations. In Figure 3 , we show simulated energy spectra, for 10 hours of observation and different cutoffs, as they would be measured by CTA. The minimum observation time needed to significantly determine the cutoff energy, i.e. to distinguish between a simple power law and a cutoff power law, is established using the likelihood ratio test for the two hypothesis. From our simulations, we can conclude that CTA observation times of >15 h are necessary to make a meaningful physical interpretation and modeling, whereas >20 h allow the precise measure of the spectral energy cutoff.
Conclusions
The sensitivity of CTA will lead to a very good sampling of LC and spectra on very short timescales. It will allow as well long source monitoring using subarrays, still with a sensitivity 2-3 times better than any previous instrument operating at VHE energies. CTA will also reduce by a factor of a few the errors in the determination of fluxes and spectral indexes. Furthermore, the high sensitivity and good angular resolution will allow for imaging of possible extended emission in gamma-ray binaries, expected at the termination of the generated outflows. The low energy threshold will also permit to study the maximum particle energy achievable in massive star binaries, trace the effects of electromagnetic cascades in the spectra of gammaray binaries, or catch the most luminous part of the spectrum in some sources. Finally, under CTA the population of gamma-ray binaries (and their different subclasses) may easily grow by one order of magnitude, which will imply a strong improvement when looking for patterns and trends, to trace the physical mechanisms behind the non-thermal activity in these sources. For all this, CTA will be a tool to obtain the required phenomenological information for deep and accurate modeling of gamma-ray binaries. This can mean a qualitative jump in our physical knowledge of high-energy phenomena in the Galaxy.
